Acrylamide, a substituted unsaturated hydrocarbon, is often found in fried potatoes, flour, baby food, coffee, and olives. It is one of the most commonly consumed neurotoxins by humans. To date, its effect on bone structure has not been investigated in experimental animals. The aim of our manuscript was to analyze the impact of subacute exposure to acrylamide on the microscopic compact and trabecular bone tissue structures in laboratory mice. Adult male mice were divided into two groups. Animals from the experimental group (group E, n = 4) were treated perorally with two doses of acrylamide (1 mg/kg b.w.) during 24 hours. The group without administration of AA served as a control (group C, n = 4). Three hours after the second dose of AA (after 27 hours), mice were killed and their femurs were used for microscopic analysis. Our results demonstrate that subacute exposure to acrylamide causes an absence of the primary vascular radial bone tissue in pars posterior of the endosteal border. Mice from E group had more intact secondary osteons in pars medialis of the middle part of compact bone. Also, a few resorption lacunae were found in pars anterior of periosteal borders in these mice. Subacute exposure to AA significantly decreased the size of the primary osteon vascular canals (P<0.05) in compact bone tissue. In trabecular bone tissue, the values for bone volume, trabecular number, and bone surface were significantly increased in mice from the E group. In contrast, the value for trabecular separation was significantly decreased in these mice.
introduction
Acrylamide (AA) is a monomer of polyacrylamide [1] , the products of which occur in certain industrial processes [2] . AA is formed mainly from free asparagine and reducing sugars during high-temperature cooking [3] . High AA contents have been found in fried potatoes, flour, coffee, baby food, baking soda, and olives [4] , and high consumption ranging from 23.86 to 56.83 µg/day has been reported in European countries [5] . In China, AA has been detected in 43.7% of 144 food samples. This calculation makes AA one of the most commonly consumed neurotoxins by the human population. AA is also often absorbed during occupational exposure across the skin [2] .
AA is a rodent carcinogen and also a probable human carcinogen (Class 2A) [6] . It has been reported to be neurotoxic and toxic to the reproductive system [7] , and induces tumors in several organs in mice and rats [3] . AA can induce DNA strand breaks and lethal mutations [2] .
In human erythrocytes (in vitro), AA increases hemolysis and lipid peroxidation [8] , suggesting that this neurotoxin affects redox status in cells [9] . The reported oral LD50 value is 107 mg/kg body weight (b.w.) in mice.
AA appears to be metabolized into glycidamid, forming a DNA-reactive epoxide that implies genotoxicity [7] and can interact with other proteins at the cellular level [8] . To our knowledge, there are no studies describing its influence on bone structure. Therefore, the aim of the current study was to analyze in detail a microscopic structure of the compact and trabecular bone tissues in adult male mice after subacute exposure to AA.
Experimental Procedures
Our experiment was conducted on eight 12-week-old Swiss male mice obtained from the accredited experimental laboratory of the Pedagogical University in Krakow. The clinically healthy mice were randomly divided Fig. 1 . Microstructure of compact and trabecular bone tissue in mice from groups C and E. a -Microscopic structure of compact bone tissue in mice from group C 1 -non-vascular bone tissue 2 -the intact secondary osteon in the middle part of substantia compacta 3 -primary vascular radial bone tissue b -Microscopic structure of compact bone tissue in mice from group E 1 -non-vascular bone tissue 2 -intact secondary osteons in the middle part of substantia compacta c -Representative reconstructed 3D image of trabecular bone in mice from group C d -Representative reconstructed 3D image of trabecular bone in mice from group E into two groups of four animals each. In the experimental group (group E, n = 4) young males were treated perorally with two doses of acrylamide (1 mg/kg b.w.) during 24 hours. AA was dissolved in physiological saline and was administered perorally to mice. The second group (group C, n = 4) without AA administration served as a control. Peroral administration of AA was used in order to ensure the absorption of an entire dose of this neurotoxin into the organism. All the applied procedures were approved by the First Local Ethics Committee on Experiments on Animals in Krakow (resolution No. 175/2012).
Three hours after the second dose of AA (after 27 hours), mice were killed and their right femurs were used for histological analysis. Obtained femurs were macerated, degreased, and embedded in epoxy resin Biodur (Günter von Hagens, Heidelberg, Germany) according to the methodology of Martiniaková et al. [10] . Transverse thin sections (70-80 μm) were prepared with sawing microtome (Leitz 1600, Leica, Wetzlar, Germany) and affixed to glass slides with Eukitt (Merck, Darmstadt, Germany) [11] . The qualitative histological characteristics of compact bone tissue were determined according to the classification systems of Enlow and Brown and Ricqlés, et al. [12] [13] . The quantitative histological characteristics of the bone tissue were analyzed using Motic software images Plus 2.0 ML (Motic China Group Co., Ltd.) in all sides (anterior, posterior, medialis, lateralis) of thin sections. We measured area (μm 2 ), perimeter (μm), and maximum and minimum diameters (μm) of the primary osteon vascular canals, Haversian canals, and secondary osteons.
The measured values were expressed as mean ± standard deviation. Left femurs were used for microscopic analysis of trabecular bone tissue and also for measurements of cortical bone thickness. Morphometrical characteristics of trabecular bone tissue and cortical bone thickness were determined using microCT (μCT 50, Scanco Medical). μCT studies were performed only on the distal femora to image trabecular bone morphometry. Trabecular bone was analyzed in a region of interest starting 1.2 mm from the end of the growth plate and extending 1.5 mm. The following parameters were measured: bone volume (%), trabecular number (1/mm), trabecular thickness (mm), trabecular separation (mm), and bone surface (mm 2 ). Cortical bone thickness was analyzed in a region of interest starting 5.2 mm from the end of the growth plate and extending 1.5 mm at the femoral midshaft.
The differences in quantitative characteristics of compact and trabecular bone tissues between mice from C and E groups were determined using T-test (P<0.05).
Results and Discussion
Mice from C group had the following compact bone microstructure. The inner layer surrounding the medullary cavity was formed by a zone of non-vascular bone tissue (in anterior, medial, and lateral views). In pars posterior we identified primary vascular radial bone tissue. This tissue was formed by branching or nonbranching vascular canals radiating from the bone marrow cavity or periosteum, which extended partially across the compacta. Some primary osteons were observed in the middle parts of substantia compacta (mainly in anterior and lateral views). Several secondary osteons were found in pars posterior of the central bone area. Non-vascular bone tissue was identified in pars medialis. The periosteal border was again composed of non-vascular bone tissue (Fig. 1a) . Our findings from the qualitative histological analysis of compact bone tissue of mice correspond with previous studies [12, 14] .
In mice from group E, an absence of the primary vascular radial bone tissue in pars posterior of the endosteal border was evident. The endosteal border was formed by non-vascular bone tissue in all views (anterior, medial, lateral, and posterior) of thin section(s). Also, more intact secondary osteons in pars medialis of the middle parts of compact bone were observed in mice from the E group (Fig. 1b) . A few resorption lacunae were identified in these mice in pars anterior of the periosteal border. According to several authors [8] [9] 15 ] AA increases the oxidative stress and peroxidation of the lipids. The oxidative stress causes an increased production of reactive oxygen species (ROS) [16] , which enhance osteoclastic activity [17] and bone resorption [18] . On the other hand, hydrogen peroxide, as one ROS, has a crucial role in decreased differentiation of osteoblasts [19] . In general, reduced osteoblast differentiation and increased activity of osteoclasts jointly increase bone resorption and the subsequent formation of resorption lacunae. Therefore, it is assumed that observed differences in qualitative histological characteristics of compact bone between mice from E and C groups might be related to these mechanisms.
For the quantitative histological characteristics of compact bone tissue, 229 vascular canals of primary osteons, 31 Haversian canals, and 31 secondary osteons were measured. The results are summarized in Table 1 . We have found that subacute exposure to AA significantly decreased the size of the primary osteon vascular canals (P<0.05). On the other hand, the values for all measured variables of Haversian canals and secondary osteons did not differ significantly between mice from E and C groups.
Primary osteon vascular canal constriction in mice from group E can be related to the adverse effects of AA on blood vessels. Alturfan et al. [15] documented the suppressive effect of AA on lipid peroxidation that can cause a hypoxia, which acts as a potent vasoconstrictor of blood vessels [20] . The decreased size of the primary osteon vascular canals could also be related to the ROS activity, because ROS increases the mineralization and calcification of blood vessels [16] . The results of quantitative analysis of trabecular bone tissue in both groups of mice are summarized in Table 2 .
We have found that values for bone volume, trabecular number, and bone surface were significantly increased in mice from group E. On the other hand, the value for trabecular separation was significantly decreased in these mice. Representative reconstructed 3D images of trabecular bones in mice from the C and E groups are illustrated in Figures 1c and 1d , respectively. Our results also showed an insignificant effect of AA administration on cortical bone thickness in mice (0.18±0.009 mm and 0.17±0.022 mm in mice from E and C groups, respectively).
The remodelation of the trabecular bone can be affected by the amount of calcium in the blood [21] . According to Raju et al. [8] , AA increases calcium concentration in the blood, which may be manifested by increased calcification of this bone.
The exact mechanism of AA effect on bone cells is not yet known. We suppose that AA could influence bone structure through the modification of signal pathways of osteoblastogenesis and/or osteoclastogenesis. Knowing detailed molecular mechanisms of all changes in bone cells cultured in the presence of AA is our next challenge.
Conclusion
Subacute peroral exposure to AA at the dose used in our study is manifested in substantia compacta by the absence of primary vascular radial bone tissue at the endosteal border. Also, it increases the number of intact secondary osteons, gives rise to several resorption lacunae, and decreases the size of the vascular canals of primary osteons. In trabecular bone tissue, subacute administration to AA significantly increases bone volume, trabecular number, and bone surface, and decreases trabecular separation. Our study provides the first information related to AA impact on bone structure in experimental animals. 
